c-Myc. WNT signaling also results in stabilization of b-catenin by relocalizing axin and GSK3 away from b-catenin. WNT signaling can be initiated in keratinocytes and stimulates the proliferation of nearby dermal fibroblasts. This could explain a preferential infection of fibroblasts at the dermal/epidermal border. Notably, Merkel cells are also located at this border.
GSK3 inhibition together with EGF/FGF activation stimulated the transcription of a number of matrix metalloproteinases (MMPs). Consistent with the hypothesis that matrix remodeling might enhance MCPyV infection, collagenase type IV enhanced infection, and MMP inhibitors suppressed infection.
There is no doubt that the culture conditions described to propagate MCPyV in HFFs provide an unprecedented opportunity to study the productive life cycle of this important polyomavirus. Further, the work of Liu et al. raises several questions. Why are the cells that support the most efficient replication and transcription of transfected MCPyV genomes neuronal or neuroendocrine in origin, yet productive infection by virions is only detected in fibroblasts? Are there special populations of fibroblasts permissive for MCPyV that are expanded in media containing FBS? How does MCPyV get into the cells that initiate the MCC? The proximity of dermal fibroblasts to MC suggests that it might simply be a rare accident. If MCs are not permissive for MCPyV replication, is truncation of LT in MCCs related not to eliminating the helicase activity of LT but rather to eliminating an as-yet-undefined growth inhibitory activity of LT? These are among the questions raised by the work of Liu et al. (2016) that warrant further research.
The African trypanosome was thought to primarily develop in the bloodstream and interstitial spaces of its mammalian host. In this issue of Cell Host & Microbe, Trindade et al. (2016) report the surprising finding that during ongoing persistent infections in mice, a major fraction of the parasites reside within fatty tissues.
African trypanosomes are the agent of human sleeping sickness and a major problem impacting the growth of cattle. The prototypic species Trypanosoma brucei is transmitted by the bite of tsetse flies, after which it develops in the bloodstream and lymph and interstitial spaces, ultimately invading the brain and leading to death (Kennedy, 2013) . Trypanosomes evade immune clearance by the wellknown process of antigenic variation, replacing the dense variant surface glycoprotein (VSG) coat over time with a series of hundreds of antigenically distinct GPIanchored proteins (MacGregor et al., 2012). Parasites are similarly well adapted to the nutritional milieus of the blood, making heavy use of abundant hostsupplied glucose and downregulating unneeded metabolic pathways (Szö ö r et al., 2014) . During this process a subset of parasites differentiate from the replicating ''slender'' morphology into a non-replicating ''stumpy'' form adapted for transmission to the next biting fly.
While the localization of African trypanosomes to blood or interstitial spaces was well known, outside the bloodstream or brain these organisms had largely been overlooked. This will no longer be the case, as the manuscript of Figueiredo and colleagues reports the stunning finding that fatty tissues comprise the major reservoir of trypanosomes in a wellcharacterized laboratory mouse model of lethal infection (Trindade et al., 2016) . Parasites were found in most fatty deposits examined and in brown and white fat. Remarkably, both higher parasite densities and load were found in fat than in the blood at later stages of infection. These data firmly establish the potential for a role for these ''adipose tissue form'' (ATF) parasites in the pathogenesis of trypanosomiasis.
In fatty tissues, T. brucei parasites remained extracellular, residing between adipocytes or between adipocytes and the tissue capillaries. Analysis of ATFs in situ or after purification showed the presence of parasites closely resembling the morphology of replicating ''slender'' and arrested ''stumpy'' blood stage form (BSF) parasites, and ATF maintained a dense surface coat and VSG transcripts. Transcriptomic analysis of total RNA from infected fat (without purification of parasites) followed by mapping to the T. brucei genome revealed the upregulation of a number of parasite metabolic pathways, the most surprising of which was b-oxidation, as this activity had not previously been detected in any T. brucei stage. Indeed, several b-oxidation pathway enzymes were upregulated, as were genes implicated in mitochondrial fatty acid transport, while several elongases (which might deflect fatty acids toward anabolic uses; Lee et al., 2006) were downregulated. The functional activation of this pathway was proven by feeding labeled myristate (C14:0) to purified ATFs and the visualization of b-oxidation metabolites. Despite the alterations in mitochondrial metabolism, the structure of the ATF mitochondrion closely resembled that of the BSFs, remaining small and not highly branched. This paper succeeds nicely in establishing, beyond any doubt and however unexpectedly, that African trypanosomes can reside at high levels in fatty tissues. Thus, T. brucei has the ''means, motive, and opportunity'' to exploit the unique properties of this environment. As in any pioneering work, Trindade et al.'s work impressively sets the stage for future studies exploring the functional consequences of this process. Indeed, previous studies implicate adipose tissue as important to the pathogenesis evoked by the South American parasite Trypanosoma cruzi, which unlike T. brucei resides intracellularly within the cytoplasm (Nagajyothi et al., 2012) .
The ability of ATF parasites to carry out fatty acid oxidation suggests a potential to exploit host fat reserves as a resource. Like other T. brucei forms, ATFs are extracellular while fatty nutrients are ''locked up'' inside adipocytes, raising the question of access. The answer may lie in understanding the fatty tissue nutrient microenvironment, which may also contribute to localization of ATFs there. Importantly, only the metabolism of myristate was studied by Trindade et al., which is at best a minor constituent relative to other fatty acids in mammals (Paul et al., 2001) . It would therefore be interesting to explore the metabolism of more abundant mammalian lipids whose impact on host nutrition may be greater. Genetic tools are well established in T. brucei, and thus functional studies of fatty acid metabolism by the parasite itself will be a high priority to establish the overall contribution of this pathway to ATF metabolism and survival. In this regard trypanosomes may resemble their trypanosomatid cousin Leishmania, which is known to depend heavily on fatty acids during its intracellular amastigote stage within the phagolysosome (McConville and Naderer, 2011) .
African trypanosome infections are typically associated with weight loss (Kennedy, 2013) , a phenomenon also seen in the lethal mouse model employed by Trindade et al. Are ATF parasites causally associated with this process, and what are the metabolic consequences of ATFs to the host, relative to BSFs or other interstitial parasites? It is likely that judicious data mining of the other 90% of reads present in these or future RNA-seq datasets from infected fatty tissue mapping to the host genome will be informative. Perturbation of host pathways in predictable (or perhaps not!) directions could provide a clear sign of the functional consequences of ATFs leading to weight loss.
One consequence of fatty tissue localization may involve interactions with the immune system. While ATFs manifest a surface coat and express VSG, the ability of these parasites to undergo antigenic variation is as yet unknown. Potentially fatty tissues represent an immuno-privileged site from the perspective of trypanosomes, and fat is indeed known to play significant roles in host immune responses (Kaminski and Randall, 2010; Schä ffler et al., 2007) .
Another direction for additional query is the contribution of ATFs to the parasite infectious cycle in nature: whether and how ATFs contribute to the transmission cycle and infection of the insect vector. The authors clearly establish the potential for this, through the emergence of ''stumpylike'' ATFs, which in the BSFs are adapted for transmission to the insect. Again the question of access emerges, as the authors state that unlike other fatty deposits, subcutaneous fat did not show significant numbers of ATFs. Many variables remain to be explored before this possibility can be discounted, however. A second question is the intersection of the BSF cycles with those of the ATF: are they independent, or perhaps interconnected more systematically in some manner, perhaps BSF / ATF/ BSF, as suggested by the authors? Notably, ATFs themselves were able to initiate infections of mice de novo. Lastly, extension of the results from the lethal mouse infection model studied here to other models and species of trypanosome infection, including chronic ones typically associated with the wasting syndromes seen in many mammalian infections, would be an important next step.
In summary, the work of Trindade et al. represents a landmark and founding contribution to a new and unanticipated side of African trypanosome research.
